Benchmarking and rankings are common practices to gauge the status or standing and assess the progress of entities such as institutions and countries with respect to a characteristic or variable. Countries are often ranked with respect to, among other things, their economic, human, and technological development. Benchmarking tools such as the e-Government index serve as useful tools for policy makers. Given the importance any benchmarking and ranking is given when devising policies regarding information and communication technologies and allocating resources to implement those technologies by institutions and countries, an objective framework to produce the rankings is paramount. A ranking is as good as the frameworks used to produce it. Despite their wider use, some of the current procedures used for e-Government index computation have limitations. For instance, they do not differentiate between websites that provide static information and fully fledged portals. This paper compares four frameworks, points out their limitations and strengths, and proposes ways to address their limitations.
INTRODUCTION
Benchmarking and ranking, with the help of indexes and indicators, is often used to gauge the status or standing of and compare entities with respect to a common characteristic or variable. It is also used to monitor the progress of individual entities with respect to a set of characteristics or variables. Indexes and indicators are generally quantitative values whose computations involve objective measures of the characteristics or variables of entities being considered for ranking purposes. Any such index or indicator should be based on sound computational procedures and frameworks designed to encompass the characteristics of entities so that strengths and weakness in terms of those characteristics can be reflected.
Some of the frameworks are based on objective measures of characteristics and variables of the entities while others use one or more subjective measures or a combination of objective and subjective measures. While frameworks based on objective measures tend to attract fewer criticisms, those based on subjective measures are bound to lead to some controversies and complaints, especially from those countries or institutions who feel that they were not accurately characterized.
Whether objective measures are used or not, countries; as entities, are often ranked with respect to their economic, human, and technological development. International organizations such as the United Nations and the World Bank are among the leading institutions that undertake massive studies to produce rankings of countries on these and other variables. There are rankings of countries on healthcare, education, press freedom, environment & eco-friendliness, corruption, governance, e-readiness, eGovernment, e-commerce, peace, investment, as well as characteristics such as happiness and sports, to mention a few. These rankings use various types of indexes such as the human development index, e-readiness index, e-Government index, and the global peace index.
Some benchmarking tools are taken very seriously by policy makers because they use the results of these tools to inform their decision making [4] [7] [12] . Indexes such as the e-Government index, the main focus of this paper, are used by countries to shape their e-Government planning, implementation, monitoring, and evaluation. E-Government indexes are benchmarking tools that measure retrospective achievements of agencies or countries and are used by policy makers to assess how the agencies or countries Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, to republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. have performed with respect to development of e-Government services [4] . Frameworks and procedures for computing eGovernment indexes for countries have been proposed by West [13] [14] and the United Nations (e.g., [8] [9] [10] [12] ), to mention a few. Others have called for sound procedures to benchmark eGovernment [6] and e-readiness [3] [11] .
Given the importance any benchmarking and ranking is given when devising policies regarding information and communication technologies and allocating resources to implement those policies by individual institutions and countries, a common objective framework to produce the rankings is paramount. We should note that a ranking is only as good as the methods, procedures, and frameworks used to produce it. Despite their wider use, some of the current frameworks and procedures for computation of eGovernment indexes and production of ranking of countries with respect to e-Government have limitations. For instance, they do not differentiate between those websites that provide static information and ones that are fully fledged portals. Most of these frameworks and procedures do not take into account the various stages of development of e-Government and do not assign weights to e-Government services proportional to their level of development or any other relevant dimensions.
To address this, in addition to the above mentioned frameworks and procedures, we propose a number of frameworks and procedures for the computation of e-Government indexes that take the stages/levels of development of e-Government services proposed by [2] [1] and others into account. Details about the four stages of e-Government development (publishing -web presence, interacting, transacting, and transforming -integration) and comparisons to other; often cited maturity levels of e-Government services are discussed below. In total, this paper compares four frameworks and points out their limitations and strengths. It also proposes ways to remedy their limitations such as assigning weights to e-Government service websites based on their levels of e-Government development or other dimensions.
We chose the definition of e-Government that reflects the frameworks considered for comparison. According to [14] eGovernment is "the delivery of government information and services online through the Internet or other digital means" (p. 16). Even within this narrower sense, the implementation of eGovernment services may take various forms ranging from a single website with contact information (address, telephone & fax numbers, email address, etc.) to interactive one stop portals that are gateways to several related services and integrate these services at all levels of government from local to federal or national level.
E-GOVERNMENT INDEX COMPUTATION FRAMEWORKS & PROCEDURES 2.1 Framework 1
Among the frameworks and procedures currently used by researchers, we chose West's [13] method of computing eGovernment index. West [13] follows a two stage process. First, an index (a value between 0 and 100) is computed for each website. Then index values for all websites for a country are averaged to compute a single index for the country. West's [13] procedures award four points for each of the 18 features (publications, databases, audio clips, video clips, foreign language access, not having ads, not having premium fees, not having user fees, disability access, having privacy policies, security policies, allowing digital signatures on transactions, an option to pay via credit cards, email contact information, areas to post comments, option for email updates, option for website personalization, PDA accessibility), for a total of up to a maximum of 72 points and adds this total to the number of online executable services (up to a maximum of 28 points). Equations (1) Where, e i = E-Government index for website i, 0 ≤ e i ≤ 100 n = Total number of websites for country j, n ≥ 1 This framework or West's [13] set of procedures for computing the e-Government index for each website and, eventually, for each country is based on objective measures of features and online executable services. It is also a less complex framework. These are two of its strengths. However, there it has a number of limitations. Among these are:
o When computing a country's e-Government index, an eGovernment service website is afforded a weight of one irrespective of whether the website is a static page with very little information or it is a fully fledged portal. o In order to make the computed e-Government index for a website to be between 0 and 100, West [13] made a number of decisions: -The number of features a website has was multiplied by four (4), an arbitrary number. -Instead of assigning a weight to the number of online executable services by multiplying it by a carefully computed number, the procedure gives more weight to the number of features.
-If there are more than 18 features on a website, there is no way of including the additional features in the computation.
-If the number of online executable services exceeds 28, it is rounded down to 28 thereby punishing countries for having more online executable e-Government services.
Assigning more weight to the number of online executable services would have been appropriate because a website with more such services is likely to be one with higher levels of eGovernment service development than a website with a larger number of features. Some of the frameworks below (Frameworks 3 and 4) try to overcome these limitations.
A look at the hypothetical profiles of two countries with respect to their e-Government service websites (Table 1) reveals that according to this framework a country with a single e-Government website (country B) will have the same e-Government index value (30) as a country with five websites (country A) even though the index of country B's single website is less than or equal to the eGovernment index for three out of five websites of country A.
New and/or Modified Frameworks and Procedures
As we demonstrated above, one of the frameworks for computing e-Government indexes for individual websites and countries [13] will produce the same index value for two countries even if one of the countries has websites with e-Government index values greater than the index value for the single website of the second country. Hence, for the three remaining frameworks, we modified the procedures [13] in order to accommodate a website's level of e-Government service development so that a country's eGovernment index will reflect the true picture of e-Government services. To differentiate between e-Government websites that provide static information, those that are portals, and all kinds of websites in between, as well as to accentuate the impact the level of development of e-Government services provided through a website will have on a country's e-Government index and ranking, weights proportional to the level of development need to be introduced. Toward this end, any classification of levels/stages of development of e-Government services could be used.
For instance, the four stages of e-Government service development: (1) publishing (web presence), (2) interacting, (3) transacting, and (4) transforming (integration) [1] [2] could be a good starting point. According to this classification, a website at the first (publishing) stage of e-Government service development only presents static information about the government agency/department while one at the second (interacting) stage has features such as downloading of forms, search, and simple data collection. On a website at this stage of development, a user would be able to download forms online and then complete and submit them through offline means such as snail (or postal) mail. At the third (transacting) stage, the website allows the completion of an entire task online without requiring citizens to travel to the offices whereas at the fourth and last (transforming or integration) stage it is usually a single point portal that integrates all eGovernment services by all branches of government at all levels.
Others have proposed a different classification of dimensions and levels/stages of e-Government development. For instance, the four stages of e-Government development according to [5] are: (1) cataloguing, (2) transaction, (3) vertical integration, and (4) horizontal integration. According to [5] , at the Cataloguing stage, the site is for online presence, catalog presentation (e.g., phone numbers and addresses), and downloadable forms. At the transaction stage, the site provides services and forms online and has database supporting online transactions (e.g., citizens may renew their licenses and pay fines on-line). A website at the vertical Integration Stage links local systems to higher-level systems and local, state, and federal governments are connected for different functions or services of government (e.g., a drivers' license registration system at a state DMV might be linked to a national database of licensed truckers for cross checking). At the last and fourth stage, the horizontal integration stage, the site is an integration of different functions and services (e.g., a business is able to pay its unemployment insurance to one state agency and its state business taxes to another state agency at the same time).
The classification by [12] of the levels of development of eGovernment services has five (5) categories: (1) Emerging -An official government online presence is established, (2) Enhancedgovernment sites increase; information becomes more dynamic, (3) Interactive -users can download forms, e-mail officials and interact through the web, (4) Transactional -users can actually pay for services and other transactions online, (5) Seamless -full integration of e-services across administrative boundaries. Depending on the classification used and the level/stage of eGovernment service development, weights of 1, 2, 3, and so on could be assigned to the websites when computing the eGovernment index for the countries. These weights should be proportional to the levels/stages of development of e-Government services provided through the websites. Table 2 presents a comparison of the three classifications of dimensions and levels/stages of e-Government service development.
We should note that with all the above classifications of dimensions and levels/stages of e-Government service development, the technological and organizational complexity as well as integration of services and functions increases as the websites move from a lower level/stage/dimension to a higher one. The weighting of e-Government websites proportional to their level of e-Government service development assumes that consecutive levels of e-Government development are equidistant. That is, the distance between levels 1 and 2, 2 and 3, 3 and 4, and 4 and 5 are equal. This could be seen as a possible limitation until it is confirmed, through further research, that it has no bearing on the computed e-Government index values. A website that jumps from level 3 to level 4 may have to go through tremendous changes that require massive efforts and resources than one that jumps from level 1 to level 2. 
Framework 2 -Weighted Average 1
Our second framework uses the same set of procedures and formula (Equation 1) as Framework 1 to compute the eGovernment index for each website. As such it suffers from some of the limitations of Framework 1. For instance, the number of features has to be multiplied by four (4), giving it more weight than the number of online executable services. However, it corrects one of the limitations of Framework 1. The formula to compute the e-Government index for the countries (Equation 3 ) incorporates the weights of the websites proportional to their level of e-Government service development. This framework increases the e-Government index and enhances the e-Government ranking of a country with more websites at higher levels of development and diminishes its ranking if there are more websites at lower levels of development. Table 3 presents profiles of the same two countries in Table 1 with respect to their e-Government service websites, with additional information, the levels of their e-Government service development. By introducing a weighting scheme based on any one of the classifications of e-Government service development, this framework does not change the e-Government index value for the country with a single e-Government website (country B) while it increases the e-Government index value for the country with five websites (country A) by two (or 6.7%). This could make a big difference in terms of the rankings of these countries by boosting country A's standing in the rankings. 
Framework 3 -Weighted Average 2
This framework differs from the above two in that the computation of the e-Government index for a website does not, unlike those two frameworks and West's [13] procedures, assign the weight of four to the number of features on the website (see Equation 4 ). But, like Framework 2, it assigns weights to the websites proportional to the level of development of eGovernment services available on the websites. Due to the fact that the number of features available through the websites is not multiplied by four when computing e-Government indexes for the websites, the computed index values, though still between 0 and 100, may not be as high as 100 for most websites. The framework shares a limitation with the other two. The number of online executable services has the same weight (of 1) as the number of features. (9), that of country A is greater by 2.3 (25.56% of 9). This is an even more significant difference given that the eGovernment index value for country A computed using Framework 2 was greater only by 2 (6.7% of 30). By simply assigning equal weights (of 1) to the number of features and the number of online executable services available on an eGovernment website, the e-Government index for country A was boosted even more compared to its index value when computed using Frameworks 1 & 2. 
E-Government index

Framework 4 -Relative Index
The last of the four frameworks is slightly different from the previous three. It is not only based on the relative e-Government index of the websites, the computed e-Government index for a country would be a value between 0 and 1 which could easily be converted (rescaled) to a value between 0 and 100 by multiplying the original value by 100. Formula 4 is used to compute the raw e-Government indexes (e i 's) of individual websites first and the relative e-Government indexes of the websites are used to compute a country's e-Government index value. Weights are assigned to the relative e-Government indexes of the websites in a similar fashion to Frameworks 2 & 3. Once again, a limitation of this framework is the fact that the number of online executable services has the same weight (of 1) as the number of features. Another limitation is if the maximum and minimum values of all e-Government indexes of websites for all countries in the sample (i.e., all countries being considered for ranking purposes) are equal, the denominator in Equation 6 would be 0. This may not be a concern in almost all cases because the maximum and minimum values of all e-Government indexes of websites for all countries in a sample will be equal only when all the websites have identical eGovernment index values (e i 's). In the very rare event that this occurs, an arbitrary relative e-Government index (e Ri ) value (say 1) could be assigned to all the websites which results in a relative e-Government index (E Rj ) value of 1 for all the countries.
Relative e-Government index for site i, Where, e Ri = relative e-Government index for site i, 0 ≤ e Ri ≤ 1 w i = 1, 2, 3, or m is the level of e-Government service development of website i, 1 ≤ w i ≤ m n = Total number of websites for country j, n ≥ 1 . This is an even more significant difference compared to the difference between the two index values computed using Frameworks 2 and 3. What makes this framework superior to the above three is also the fact that there is either no need to choose an arbitrary number to use as a weighting factor for the number of features in order to rescale the e-Government index values to be between 0 and 100. By default, the computed relative e-Government index value for each country is between 0 and 1 and could easily be rescaled to a value between 0 and 100 by multiplying it by 100.
SUMMARY AND FUTURE WORK
Benchmarking and rankings are common practices to determine the standing and monitor the progress of institutions and countries with respect to a characteristic or variable. Benchmarking tools such as the e-Government index serve as useful tools for policy makers and a fair amount of importance is afforded to a country's ranking. Critical policies are devised with respect to information and communication technologies and resources are allocated with the goal to improve a country's standing. In order to inform sound policy and decision making as well as optimal resource allocation, objective frameworks that produce the rankings are crucial. A ranking is only as good as the methods, procedures, and frameworks used to produce it.
Current e-Government ranking and index computation procedures do not take into account the fact that most e-Government services and websites evolve over time from static catalogues of information to fully integrated portals that serve as single-point shops for most government services needed by citizens. We contrasted four frameworks for computing e-Government indexes for e-Government service websites and countries. Frameworks that do not weight the numbers of features and online executable services when computing their e-Government indexes and those that assign weights to websites proportional to their level of eGovernment service development when computing e-Government indexes for countries (Frameworks 2, 3 and 4) do present better pictures of e-Government services than frameworks that do otherwise. Frameworks 2, 3 and 4 reward countries with eGovernment service websites at higher levels, even those with a single portal site. They punish countries with websites at lower levels of e-Government service development, even those with several such websites. Among these three frameworks, we believe that Framework 4 is superior in that it incorporates all the strengths of the other two while producing relative e-Government index values for the countries that could easily be rescaled to values between 0 and 100.
We do not claim to have included every possible framework for computing e-Government indexes for e-Government service websites and countries. These are a few such frameworks that are based on West's [13] procedures. Neither can we make a claim that the frameworks are without any weaknesses. First of all, the assignment of weights to e-Government service websites proportional to their levels of e-Government service development is but one method of many that may be used. Secondly, only one of a number of classifications of levels or stages of e-Government service development was chosen for the four frameworks discussed above. Thirdly, the weighting of e-Government websites using these methods assumes that consecutive levels of e-Government service development are equidistant and for an eGovernment website a jump from, say, level 1 to level 2 is the same as one from level 3 to level 4.
Some may argue that the four frameworks may not be able to measure the true success of an e-Government service website or platform and that the measurement of the success of an eGovernment service website should be based on other factors as well. While we completely agree with this assertion, we believe that these frameworks could be used as simple but objective measures that could serve as the basis for building other more complex frameworks that take into account additional factors such as those related to technology adoption and use.
Future work should focus on ways to remedy the limitations of these frameworks used in the current work as well as other frameworks used for computing e-Government indexes and producing e-Government rankings. A limitation of our work is the fact that we used hypothetical data rather than data from actual eGovernment service websites. In our future works, we plan to test these frameworks using such data.
In conclusion, the e-Government research community is at the beginning of the process of charting a new direction for benchmarking e-Government services. A careful consideration of the frameworks we use to achieve the benchmarking is a worthwhile effort and we hope this work is a small contribution toward this goal.
